Objective. This study investigated the association between the presence of a mental health condition (MHC) diagnosis and glycemic control in patients with type 2 diabetes in a primary care clinic network.
Methods. This retrospective cross-sectional study compared adequate glycemic control (A1C <8.0%) in patients with type 2 diabetes with and without any MHC, as well as by MHC subtypes of depression or anxiety, bipolar or schizophrenia disorders, and substance use disorder.
Results. Of 3,025 patients with type 2 diabetes, 721 (24%) had a diagnosis for one or more MHC. The majority (54.9%) were <65 years of age, female (54.9%), and Caucasian (74.5%). Mean A1C was statistically lower in the MHC cohort at 7.14 ± 1.66% compared to 7.38 ± 1.73% in the group without any MHC (P = 0.001). Furthermore, those with an MHC were more likely to attain adequate glycemic control than those without an MHC (odds ratio 1.27, 95% CI 1.01-1.59). Among patients with MHCs, similar rates of adequate glycemic control were seen between those with depression or anxiety and those with other MHCs. However, fewer patients with substance use disorder had adequate glycemic control compared to those without this condition (66.7 vs. 80.10%, P = 0.004).
Conclusion. Patients with diabetes and MHCs had slightly better glycemic control than those without any MHC. However, the presence of substance use disorder may present more barriers to adequate glycemic control. Additional research is needed to identify barriers unique to each MHC to optimize diabetes management in this population.
there is no consensus about which mental illnesses are considered serious and that determination differs across studies, this category generally includes at least schizophrenia, psychosis, and bipolar disease, with other diagnoses included based on the specific population evaluated (4-7).
Data regarding the effect of MHCs on diabetes control outcomes are difficult to assess and compare, in part because of the complexity of diagnoses and classifications. Although limited, previous research (4, 8) has shown that patients with serious mental illness are at a higher risk for premature mortality than the general population. For example, patients with schizophrenia are 3.6 times more likely to suffer premature death from cardiovascular complications and 4.2 times more likely to suffer premature death from diabetes complications than the general population (9) . Premature mortality in this population has been attributed to the prevalence of nonadherence, economic disadvantage, poor glycemic control, smoking, obesity, and limited physical activity (9, 10) . Additionally, patients with serious mental illness are often prescribed atypical antipsychotic medications, which through adverse metabolic effects further increase their risk for poor cardiovascular and diabetes outcomes (11) (12) (13) .
Contrary to the earlier findings, other studies (14, 15) have found that patients with diabetes and a serious mental illness may have better glucose control than those without a comorbid serious mental illness. Specifically, one cross-sectional study (15) found that patients with type 2 diabetes and bipolar disorder, depression, or schizophrenia had significantly better glycemic control than patients without one of these comorbid serious mental illnesses. The authors associate this finding with increased contact with health care providers. A follow-up longitudinal study (14) in these patients further validated previous findings but also noted that both groups of patients had suboptimal glycemic control.
Data are conflicting regarding the effect of comorbid depression and anxiety on glycemic control in patients with type 2 diabetes (14) (15) (16) (17) (18) (19) (20) , and data on patients with diabetes and a substance use disorder are very limited. One study (20) suggests that depression increases mortality 1.5-fold in patients with diabetes. Additionally, two studies (16, 18) have demonstrated poorer glycemic control in patients with type 2 diabetes and comorbid depression. Conversely, anxiety diagnoses and anxiety scores in patients with serious mental illness and type 2 diabetes have not been shown to have significant effects on glycemic control (16, 17) . The previous studies had small sample sizes and limited generalizability of findings, which may partially explain why existing data are inconclusive about the association between depression and anxiety and glycemic control. Furthermore, there is a lack of data exploring the effect of substance use disorders on glycemic control. This is an important subgroup of patients to consider because they generally receive a lower quality of diabetes care, have poorer adherence to antidiabetic agents, and suffer higher rates of adverse diabetes outcomes compared to patients with other MHCs (5, 6, 21) .
The limited data and lack of consensus on the relationship between MHCs and diabetes control hinder the effectiveness of clinicians who strive to manage the care of patients with diabetes who have the added complexity of comorbid MHCs. Although patients with MHCs are more likely to face access and self-management barriers, there is heterogeneity in terms of how such conditions affect patient functioning, both within and across conditions (6, 22) . Thus, we hypothesized that the presence of any MHC would be associated with worse diabetes control and serious mental illness and substance use disorders would be associated with worse diabetes control relative to other MHCs.
Objective
The objective of this study was to investigate the association between the diagnosis of an MHC (bipolar disorder, depression, anxiety, psychotic disorder, or substance use disorder) and glycemic control in patients with type 2 diabetes treated by providers in a network of 10 community-based primary care clinics. Glycemic control in patients diagnosed with an MHC was compared to that of patients without an MHC. Additionally, the subset of patients diagnosed with an MHC was stratified by diagnosis of severe mental illness versus depression and/or anxiety only and separately by substance use disorders.
This study contributes to the existing body of evidence by exploring, through examination of medical record data, the associations between specific MHCs, including substance use disorder, and glycemic control in a cohort of patients with diabetes treated in a large network of community clinics. We expect that the findings will aid clinicians in managing their patients with diabetes and comorbid mental illness.
Design and Methods
We conducted a historical crosssectional analysis of patients with type 2 diabetes treated by primary care providers at the University of Utah Community Clinics (UUCCs) between 2010 and 2012. The UUCCs include 10 health centers that provide primary and select specialty care to patients in the communities they serve. The UUCC patient population is relatively diverse in terms of race, ethnicity, and socioeconomic status, and although owned by the University, most UUCCs are not academic teaching sites.
Data
This study used data from the University of Utah Health Care System Electronic Data Warehouse. This database contains electronic b r o w n e t a l . medical records (EMRs), including diagnoses codes, treatment, and laboratory test data, as well as patient billing data for 1.4 million patients dating back to 1990. The data used for this study were de-identified.
Population
Included patients had documented type 2 diabetes and two or more UUCC visits with a health care provider, nurse, or pharmacist or a documented order between 2010 and 2012. The first and last visit or order were required to be at least 13 months apart. Patients were considered to have type 2 diabetes based on the presence of at least one International Classification of Disease, 9th Revision, Clinical Modification (ICD-9), code for type 2 diabetes (250.X0 or 250.X2) recorded in the EMR or a medication order for any antidiabetic agent (online appendix Table S1 ). Included patients also had at least one A1C value during the study period that was recorded 365 days or more after the first activity date during the observation period. Exclusion criteria included a diagnosis code for type 1 diabetes, polycystic ovary syndrome, or gestational diabetes in the absence of a diagnosis code for type 2 diabetes.
Exposure
Diagnosis of an MHC was the primary exposure of interest and was identified based on the presence of at least one ICD-9 diagnosis code for depression, anxiety, schizophrenia, bipolar spectrum disorder, substance use disorder, or other psychotic disorder (online appendix Table S2 ). Within the primary care clinics, diagnoses may be entered in a patient's medical record based on the following: 1) patient report of symptoms and primary care physician diagnosis, often using a standardized questionnaire; 2) diagnosis of an MHC by a specialist in a different clinic within the same hospital system (e.g., psychiatry specialty clinic); or 3) diagnosis by an outside provider, typically confirmed by outside medical records. Patients with a medication history significant for common MHCs were not considered to have an MHC unless they had a documented diagnosis because many of these agents are also used for other indications. Patients with an MHC were further stratified by diagnoses of a serious mental illness versus depression and/or anxiety without other MHCs. For the purpose of this study, mental health diagnoses other than depression and anxiety (bipolar spectrum disorder, psychotic disorder, schizophrenia, and substance use disorder) were categorized into the serious mental illness category. We then separately stratified the mental health cohort by diagnosis for substance use disorder.
Outcome Variable of Interest
The primary outcome of interest was glycemic control. The A1C value used for this outcome was the first A1C recorded after 1 year of documented clinical activity during the 2010-2012 study period. The secondary outcome was the proportion of patients with adequate glycemic control (A1C <8.0%). We used 8.0% as the threshold instead of 7.0% based on clinician input that, although an A1C <7.0% would be the ideal diabetes treatment target for most study patients (23) , providers often set a higher individual target of <8.0% while stabilizing MHCs because uncontrolled MHCs can interfere with diabetes self-management (24). Stratification by substance abuse disorder was also considered a secondary outcome analysis.
Covariates
Patient demographic, clinical, and treatment characteristics were also identified during the year before the glycemic control evaluation date to describe the study cohort and control for confounding. Demographic variables included age and sex. Diabetesspecific variables included microvascular complications (i.e., neuropathy, retinopathy, and nephropathy), macrovascular complications (i.e., cardiovascular disease, myocardial infarction, and cerebrovascular events), and antidiabetic agents prescribed before the evaluation date by drug class and number of classes. Additional clinical characteristics included BMI, systolic and diastolic blood pressure, triglycerides, LDL cholesterol, HDL cholesterol, and overall comorbidity measured by the Charlson Comorbidity Index (25) .
Statistical Analysis
Descriptive statistics were used to identify differences between patients with or without an MHC and by categories of MHCs using the χ 2 test or Fisher's exact test for categorical values and independent t tests for continuous variables. Multivariable linear regression analysis was conducted in the overall cohort to identify the association between having an MHC and A1C; a multivariable logistic regression model was used to identify the likelihood of patients having an A1C <8.0% in the overall cohort. Statistical analyses were performed using RStudio version 0.99.489 (RStudio, Inc., Boston, Mass.) and Stata version 12 (StataCorp, College Station, Tex). A preliminary power analysis on the primary outcome within the MHC cohort indicated that a study including 410 patients with a diagnosis for depression or anxiety alone and 205 patients with a serious mental illness would have 90% power to detect a 0.5% absolute difference in A1C. The protocol for this study was reviewed and approved by the University of Utah institutional review board.
Results

Patient Characteristics
This study identified 9,810 patients with type 2 diabetes treated at a UUCC between 2010 and 2012. Of these, 3,025 patients had a sufficient duration of clinical activity and an A1C value at least 365 days after their first EMR activity date in the observation period for assessing glycemic control. Of this cohort, 721 patients had a diagnosis for at least one MHC. The mean age of the population was 62.2 ± 13.5 years, more than half (54.9%) were female, and a majority (74.5%) were Caucasian. The overall mean A1C value was 7.32 ± 1.72%, and 76.1% of the cohort had an A1C <8.0% (Table 1) .
The MHC cohort included significantly more women (62.1 vs.
51.3%, P <0.001) and was significantly younger (58.6 vs. 63.3 years, P <0.001) than the group without MHCs (Table 1) . Patients with MHCs had a higher prevalence of microvascular complications (31.1 vs. 24.6%, P = 0.001). The most prevalent MHCs were anxiety (62.4%), depression (38.7%), and substance use disorders (13.7%). Sulfonylureas were prescribed less often in patients with MHCs (25.7 vs. 31.7%, P = 0.002).
Severe mental illness was diagnosed in 252 patients with MHCs ( Table 2 ). The severe mental illness Substance use disorder was present in 99 patients with MHCs (14%), of which 82.8% were male and the mean age was 53.8 ± 10.9 years versus 34.1% male and age 59.4 ± 13.8 years for patients without a substance use disorder diagnosis ( Table 2 ). The prevalence of bipolar disorder and 
Glycemic Control in Patients With and Without MHCs
The study found that A1C was statistically significantly lower in patients with any MHC than those with no recorded MHC. Mean A1C was 7.14 ± 1.66% in the MHC cohort versus 7.38 ± 1.73% in the cohort without MHCs, a difference of 0.24% (P = 0.001). The proportion of patients with adequate glycemic control (A1C <8.0%) was similar between groups (78.2 and 75.4% for those with and without MHCs, respectively, P = 0.138) ( Table 3) . Results were similar in the multivariate linear regression analysis, with a diagnosis of an MHC associated with a 0.25% lower A1C relative to no MHC diagnosis (correlation coefficient -0.25, 95% CI -0.38 to -0.11, P <0.001) ( Table  4 ). In the multivariable logistic regression analysis, patients with an MHC were 1.27 times more likely to have an A1C <8.0% than those without an MHC (odds ratio [OR] 1.27, 95% CI 1.01-1.59, P = 0.041) ( Table 5) . Both regression models controlled for age, sex, comorbidities, and baseline diabetes medication use. When stratifying by MHC categories in the subset of patients with any MHC, glycemic control was found to be similar between patients with depression and/or anxiety alone and those with a serious mental illness. Patients with depression and/or anxiety only had a mean A1C of 7.08 ± 1.55%, and 79.5% had an A1C <8.0%. In the severe mental illness group, the mean A1C was 7.25 ± 1.85%, and 75.8% attained an A1C <8.0% (P = 0.188 and 0.287, respectively). Restratification of patients with MHCs by the presence of substance use disorder revealed that the group of patients with a substance use disorder had a higher mean A1C (7.69 ± 2.15% vs. 7.05 ± 1.56%, P <0.001) and a lower proportion of patients with adequate glycemic control than patients without a substance use disorder (66.7 vs. 80.1%, P = 0.004).
Discussion
This large, cross-sectional study of patients with diabetes treated in a network of community-based primary care clinics found that patients with any MHC had a lower mean A1C than patients with diabetes but no MHC diagnoses (7.14 vs. 7.38%, P = 0.001; correlation coefficient -0.25, 95% CI -0.38 to -0.11, P <0.001), and a higher likelihood of attaining an A1C <8.0% (OR 1.27, P = 0.041). Within the subset of patients with an MHC, we found no difference in unadjusted mean A1C or attainment of an A1C <8.0% when patients with an MHC were stratified by the presence of a serious mental illness versus depression and/or anxiety alone.
This study contributes new insight into the diabetes control of patients with substance use disorders and found that patients with a substance use disorder had worse diabetes control than those without a substance use disorder diagnosis (mean A1C 7.69 and 66.7% with an A1C <8.0% vs. mean A1C 7.05 and 80.1% with an A1C <8.0%, P ≤0.004 for each). This finding is noteworthy because data are limited regarding diabetes control and substance use disorders. We identified one previous study that examined diabetes complications in Medicaid or Medicare patients with behavioral disorders (5) . Although this study found that patients with a drug or alcohol use disorder had a higher likelihood of experiencing several adverse diabetes outcomes compared to patients without substance abuse, it did not assess glycemic control. There is a national movement to increase screening for substance use disorders within primary care (26) . Our findings suggest that this may be particularly import- ant in the context of patients with poor diabetes control. This study also found that patients with a diagnosed MHC were more likely to achieve adequate glycemic control (A1C <8.0%) than those without an MHC. Others studies (14) (15) (16) (17) (18) (19) have not consistently identified differences in diabetes control for individuals with and without depression or anxiety. This finding could be partially explained by differences in depression management; patients who have well-managed depression are more likely to have improved glycemic control (27) , and our study population had regular access to health care services. However, we were unable to examine differences in depression management in this population. It is also possible that not all individuals with symptoms of anxiety or depression have this documented in their medical records, which could bias our findings towards the null hypothesis.
Our study found that patients with a serious mental illness had better diabetes control than those with depression and/or anxiety but without a serious mental illness. This finding is somewhat counterintuitive given the barriers to health care that patients with serious mental illness often face, as well as the use of second-generation antipsychotics in this cohort (12, 16, 28) . However, this finding is consistent with other studies, including findings by Brown et al. (14) and Dixon et al. (15) . The same challenges faced by individuals with serious mental illness may also lead to more intensive diabetes monitoring and treatment by providers, enhanced diabetes management through caregiver support, and connections with primary care practices that have the training, experience, and resources to manage serious mental illness (29) . Other studies reporting an association between depression and poor glycemic control have been conducted in different populations (16, 18) . One study, conducted in a population of veterans (18) found a small but statistically significant difference in the mean A1C of veterans with and without depression (0.13%, P = 0.008). Another study examining the effect of comorbid anxiety disorders on glycemic control found no association between anxiety and glycemic control but reported an association between the presence of depressive symptoms and total diabetes control as measured by A1C (16) . Despite this finding, mean A1C was similar between the study groups (serious mental illness with anxiety and with greater depressive symptoms 7.92% vs. serious mental illness without anxiety and with lesser depressive symptoms 8.11%, P = 0.857), leaving the association between depression and glycemic control unclear.
It should be noted that we included substance use disorders in our definition of serious mental illness. There is no uniform definition of which mental health diagnoses should be included in this definition, and substance use disorders are inconsistently included in other studies. In a post-hoc analysis, we removed patients with substance abuse but without other serious mental illness diagnoses from the definition of serious mental illness, and this did not change the study conclusions, with a mean A1C of 7.12 ± 1.70% in patients with serious mental illness and 7.08 ± 1.55% in patients with depression and/or anxiety (P = 0.84). Furthermore, we combined depression and anxiety diagnoses into one category for comparison, which may mask the effect of depression on glycemic control in patients who do not have another serious mental illness. b r o w n e t a l .
We therefore conducted a post-hoc analysis of patients with serious mental illness or with depression but not a serious mental illness and found no difference in A1C or likelihood of attaining an A1C <8.0% between these groups. This study has several strengths. First, to our knowledge, this is the largest cross-sectional study describing the effect of MHCs, including substance use disorders, on glycemic control in patients managed in a network of primary care clinics. Results from previously conducted studies (14, 15) may have been confounded by variation in diabetes management because patients were recruited from various settings. In addition, our study examines the overlap of substance use disorders with both depression and anxiety, as well as other serious mental illnesses ,and examines its association with barriers to achieving adequate glycemic control. This is a unique contribution suggesting the possibility that previous inconsistencies in the literature examining relationships between MHCs and glycemic control could have been related to methodological differences in examining substance use disorders.
With regard to study limitations, our cross-sectional design does not support inferences of causality. Our population included patients with documented clinic activity on multiple days, which may have excluded some patients with poorer glycemic control.
Generalizability may be limited because the study population was drawn from community-based primary care clinics in Utah. Although diabetes control in our study population is similar to national estimates (30,31) (mean A1C 7.4 vs. 7.2% and 75.4 vs. 77.9% of patients achieving an A1C <8.0%, respectively), the majority of our study patients were Caucasian and <65 years of age. In our study, 23.8% of patients had an MHC diagnosis, which is somewhat higher than the national estimate of 18.1% (32). However, the proportion of patients with an MHC in Utah overall is 22% (33), and the prevalence of depression and anxiety is higher in patients with diabetes. Thus, the higher prevalence of MHC diagnoses was expected.
Finally, our study is limited by reliance on diagnoses having been entered into the EMR to identify patients for inclusion or to determine exposure. This is a commonly noted concern with EMR-based studies (34) . A systematic review of studies using EMR data suggests the highest sensitivity for prescribing data and for conditions with clear diagnostic criteria (35) , both of which were used in this study. However, diagnostic codes may have been entered incorrectly or added before the diagnosis was confirmed. Because we only had access to de-identified data, we were not able to validate diabetes and MHC diagnoses in the EMR problem list, which may have indicated diagnostic uncertainty or changes in conditions over time.
It will be important for future research to examine factors that influence diabetes self-management, adherence to lifestyle recommendations and medications, and diabetes screening in patients treated with atypical antipsychotics, all of which likely vary between comparison groups. In addition, attention to recording specific diagnoses and treatment within patients' medical records may help providers better understand the morbidity and mortality risks facing their patients with diabetes. Finally, incorporating screening tools to identify patients with diabetes who also have substance use disorder may better serve this population in primary care. Ongoing research is investigating these questions with an aim of providing additional insight for health care providers managing patients with diabetes and comorbid MHCs.
In conclusion, our results show that patients with MHCs achieve rates of adequate glycemic control similar to those without MHCs. Despite these findings, different MHCs may pose unique challenges to achieving adequate glycemic control. Physicians should recognize that patients with substance abuse disorder may be more vulnerable to poorer glycemic control and adverse diabetes outcomes. Thus, barriers to achieving adequate glycemic control that are specific to various MHCs should be identified and addressed. These efforts will be supported by ongoing research into barriers to and facilitators of glycemic control for patients with MHCs.
